Bupleuri Radix (Bupleurum spp. root) is one of the most important crude drugs in Korea, China and Japan. We investigated the total phenolic content and antioxidant activity of three Bupleurum taxa (B. falcatum, B. falcatum 'Mishima' and B. latissimum). The highest total phenolic content was found in B. latissimum (18.6±1.7 mg/g) and the least in B. falcatum 'Mishima' (9.4±0.5 mg/g). The ethyl acetate fractions obtained from B. falcatum and B. falcatum 'Mishima' showed higher DPPH radical scavenging activity than the other fractions. In the case of B. latissimum, the DPPH radical scavenging activity of the diethyl ether fraction was higher than that of the other fractions. These results suggest that the three Bupleurum plants may be used as a food additive as a natural antioxidant.
The genus Bupleurum, one of the larger genera of Apiaceae, is widely distributed in Europe and Asia [1a] . Bupleurum spp. have been used in traditional Chinese herbal medicine as the major component for curing liver diseases [1b] . B. falcatum Linne, B. longiradiatum Turczaninov, B. euphorbioides Nakai, B. latissimum Nakai, and B. scorzonerifolium Willdenow are found in Korea as five syntaxa [1c] . B. falcatum has cauline leaves linear in shape and attenuate at base and not surrounding the stem. B. latissimum, an endemic species of Ulleung island in Korea, has cauline ovate in shape and cordate at base and completely surrounding the stem. The inflorescence is basically compound umbels terminated at the apex of stem [1d]. B. falcatum 'Mishima' is a cultivar introduced in Korea from Mishima island of Japan. Although used in traditional medicine, no information is available about the antioxidant activity of Bupleurum species.
Phenols are very important plant constituents because of their scavenging ability due to their hydroxyl groups [2] . Many phenolics have been shown to contain high levels of antioxidant activity [3] . Phenolic compounds have been widely exploited in different areas of plant research [4] , and have been reported to be responsible for the antioxidant activity of plants [5a] .
The total phenolic contents of the three Bupleurum taxa were measured by the Folin-Denis method. The highest content was found in B. latissimum (18.6±1.7 mg/g), and the lowest in B. falcatum 'Mishima' (9.4±0.5 mg/g); the value for B. falcatum was in between (14.6±0.6 mg/g). This is different with the total saikosaponin content of the three Bupleurum taxa (Yun, unpublished data).
Previous work has shown that phenolic phytochemicals inhibit antioxidation of unsaturated lipids, thus preventing the formation of oxidized low-density lipoprotein, which is considered to induce cardiovascular diseases [5b].The results of this study show that the total phenolic content of the three Bupleurum taxa can be assumed to be useful as a medicine against cardiovascular disease. The model of scavenging the stable DPPH radical is a widely used method to evaluate antioxidant activities in a relatively short time compared with other methods. The DPPH radical scavenging activity of the three Bupleurum taxa is shown in Table 1 .
The diethyl ether extract of B. latissimum showed the strongest DPPH scavenging activity, like BHT, followed by the ethyl acetate extract of B. falcatum 'Mishima' and B. falcatum. The water extracts of B. falactum showed extremely weak DPPH scavenging activity. The diethyl ether extract of B. latissimum, which had the highest total phenolic content of the three taxa tested, revealed a strong antioxidant activity, similar to that of BHT. These observations are in agreement with reported results, which demonstrate that the antioxidant activity of some phenolic compounds can be higher than that of BHT [5c,d]. B. falactum was shown to have general antioxidant activity by ORAC assay [6] .
Some studies have shown correlations between phenolic compounds and antioxidant activity [5a,7a-c]. However, others found that the relationship is either not always present or depends on the assay method used [7d]. In the present study, there was a weak linear correlation between total phenolic content and antioxidant activity.
The DPPH method has been extensively used to determine antioxidant activities and compounds with high free radical scavenging ability are regarded as more efficient antioxidants [8] [9] [10] . So, the results obtained in this study show that the extracts from the three Bupleurum taxa can be assumed to be useful as antioxidant agents, and the results could provide a chemical basis for some of the health benefits claimed for the three taxa, but further research is needed to elucidate the specific components. Extract preparation for total phenolic content: The powdered samples (5.0 g) were mixed with methanol/water (80:20, v/v, 50 mL) and then extracted using a vortex at 40 Hz for 3 min. The mixture was centrifuged (1200 g, 10 min) and the resultant clear solution was separated. The final volume of clear supernatant was made to 10 mL with 80% methanol and then used for determination of total phenolic content.
Determination of total phenolic content:
Total phenolic content was determined by a slight modification of the Folin-Denis method [11] . The supernatant (0.5 mL) was placed in a 25 mL test tube and mixed with 8 mL of distilled water, followed by the addition of 0.5 mL Folin-Denis reagent. After 3 min, 1 mL of 2N Na 2 CO 3 was added and the solution was allowed to stand for 2 h at 22°C in the dark. Absorbance was measured at 725 nm using a spectrophotometer (HP-8453, USA).
Extract preparation and determination of antioxidant activity by DPPH radical-scavenging activity:
Air-dried fresh leaves of the 3 Bupleurum taxa were powdered. The powdered samples (30 g) were then extracted continuously with n-hexane, diethyl ether, ethyl acetate, methanol and water using an accelerated solvent extractor (ASE 100, Dionex, USA). The extracts were concentrated in vacuo to 30 mL at 40°C and tested for DPPH radical scavenging activity. A 2.0 mL aliquot of test sample was added to 2.0 mL of 0.16 mM DPPH methanolic solution. The mixture was vortexed for 1 min and then left to stand at room temperature for 30 min in the dark and its absorbance was read at 517 nm.
Statistical analysis:
Results were expressed as means of 3 determinations. These were analyzed by ANONA, followed by Duncan's multiple range test to compare the means at the significance level of p<0.05. All analyses were performed using "Statistica v 5.1" software [12] . 
